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Abstract 
Electrical energy consumption of production facilities is not properly included in the production planning at present. Such a possibility offers 
optimization potential for companies to save energy and also contributes to balancing energy demand and supply. This paper presents results of 
a project dealing with the aim to provide means to set energy demands with other resources such as personnel available as planning factor in 
production planning software. We follow the approach to plan the future energy consumption of the production for each machine and introduce 
new key performance indicators considering the energy aspect as well as energy management strategies based on costs or consumption. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Because of the constantly growing energy prices, increased 
awareness of environmental issues, and linked political 
demands energy management has begun to be a factor of 
success and profit [1,2,3]. The industry sector was responsible 
for approximately 37% of the world’s energy consumption in 
2006 [4]. Moreover, the global energy demand is projected to 
rise by 60% until 2030 [5]. With such a growing 
responsibility on energy consumption and CO2 emissions of 
about 40% [6], researches found out that the industry sector 
has got a saving potential of about 20% energy and reduce 
greenhouse gas emissions by 80-95% until 2050 [7]. Energy 
efficiency is now an objective for 65% companies in Austria 
[8]. 
Although the option of planning energy demands in the 
production offers saving and optimization potential, electrical 
energy consumption of machine tools and manufacturing 
facilities for the production of goods is not currently included 
adequately in the production planning process. The proportion 
of the cost of electrical energy in manufacturing companies is 
up to 15% of overall production costs and additionally, there 
is another optimization potential with respect to overall 
energy economics: The ability to buffer the volatility of the 
constantly growing share of the renewable energies 
photovoltaic and wind power, i.e. to better coordinate the 
supply side and the demand side by appropriate planning 
means. 
This paper focuses on the manufacturing sector and aims at 
integrating energy data in the production planning process in 
order to make energy demand together with other resources 
such as personnel or machine capacity available as planning 
factor in software systems for production planning. It is 
divided into the following sections. First a state of the art of 
the existing energy management systems and standards is 
presented. Then, the conducted research which focuses on the 
calculation of energy needs is introduced and findings with 
respect to planning strategies based on costs or consumption 
as well as deducted key performance indicators are shown. 
2. State-of-the-art 
Energy Management is a widely used term but with several 
definitions like e.g. “foresighted, organized and systematic 
production, distribution and use of energy under ecological 
and economical target settings” [9]. Researchers also defined 
the term Energy Management System (EnMS) as: “all 
required organizational and informational structures, which 
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are necessary for realization of Energy management including 
the technical resources. ISO 50001 defines EnMS as “set of 
interrelated or interacting elements to establish an energy 
policy and energy objectives, and processes and procedures to 
achieve those objectives”[10]. In our research we follow the 
definition from the ISO 50001. 
The research conducted provides a way to manage electric 
consumption within a company by calculating it according to 
a simple classification of machines based on their 
consumption’s type and the available data from a MES. Then 
the production planning can use those calculations in order to 
optimize the energy consumptions and/or costs based on the 
provided strategies. Finally Key Performance Indicators 
(KPIs) are developed so as to check the factory’s energy 
efficiency and the energy planning process. 
The Austrian energy agency analyzed [8] how Energy 
Management is implemented in the industry by asking 180 
companies with several energy domains (administration, 
production, small and big companies). The survey reveals that 
82% of the companies know their energy consumption. In the 
SME this is mainly reached by controlling the energy fees and 
in the bigger companies it is automatically captured. 
Companies use the following instruments for representing the 
energy consumption: Monitoring, benchmark, key data, 
diagram of energy flow and excel charts.  52% of the 
surveyed companies declare having a written approach for 
energy or environment management, 65% have goals to 
reduce their energy consumption, but not always in a written 
form and 57% have a communication policy to inform the 
employees about energy improvement via meetings, emails or 
on the intranet of the company. Half of the surveyed 
companies are willing to train their employees about energy 
and 78% have an employee for working on energetic aspects 
but usually with a lack of information. Unfortunately, just a 
few companies have an energy manager because usually the 
work on energy related issues is done by the technical 
department. 71% of the companies regularly check their 
energy consumption.  
In 2009 researchers have proposed that energy information 
system should go much further by integrating energy 
management with Manufacturing Execution System (MES) 
[11], which is a computerized system used in real time 
documenting, controlling, and management of an entire 
manufacturing process that includes machines, personnel, and 
support services. Thanks to the MES and the integration of 
energy as a resource, workers are able to be more aware of 
actions concerning the energy consumption and thereby 
saving potentials. 
2.1. Energy Management standards 
ISO 50001 is today a widely known standard used for 
energy management. It is depicted with 4 main steps. [10] 
Plan: conduct the energy review and establish the baseline, 
energy performance indicators (EnPIs), objectives, targets and 
action plans necessary to deliver results in accordance with 
opportunities to improve energy performance and the 
organization’s energy policy. 
Do: implement the energy management action plans. 
Check: monitor and measure processes and the key 
characteristics of its operations that determine energy 
performance against the energy policy and objectives and 
report the results. 
Act: take actions to continually improve energy performance 
and the EnMS. 
The basis of this approach is summed up in figure 1. In our 
project we follow these guidelines to implement energy 
management in a MES Software as a response to the ISO 
50001. More widely, ISO 14031 is setting an approach to 
manage environmental aspect of a company like consumption 
of water. This Standard identifies also some interested parties 
(management representatives, employees, consumers, 
investors, communications media, general public among 
others) in the indicators and proposes a guidance on selecting 
them [12]. 
 
 
2.2. Energy performance indicators 
In order to achieve energy management, as states in the 
ISO 50001, Key Performance Indicators (KPI) have to be 
defined. The literature is full of references about new KPIs for 
different domains [13]. Bunse et al. (2011) describe several 
energy performance measures from interviews with energy 
managers like: 
x Measures to identify inefficiencies within a plant’s energy 
usage (consumption profile); 
x Measures to facilitate the tracking of changes and energy 
efficiency improvements; 
x Energy efficiency measurement directly in monetary 
values to identify possible savings; 
x Indicators for mapping energy usage for better 
understanding of input, output and measurement points for 
each industry specific manufacturing process. [14,15] 
 
 
Fig 1, ISO 50001 
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According to ISO 14031 an organization should consider the 
following aspects: 
x consistent with the organization’s stated policy; 
x appropriate to the management efforts, operational 
performance, or the condition of the environment; 
x useful for measuring performance against the 
organization’s environmental performance objectives; 
x relevant and understandable to internal and external 
parties; 
x obtainable in a cost-effective and timely manner; 
x adequate for their intended use based on the type, quality 
and quantity of data; 
x representative of the organization’s environmental 
performance; 
x measurable in units appropriate to the environmental 
performance; 
x responsive and sensitive to changes in the organization’s 
environmental performance 
x consistent with recognized programmes that enable 
comparisons; 
x able to provide information on current or future trends in 
environmental performance. 
 
Moreover it should also consider the importance of the 
indicator to relevant interested parties and its relevance to 
business objectives. The standard then provides several 
examples of indicators like the amount of energy used per 
product or per year which is common in the literature. 
2.3. The Overall Equipment Effectiveness 
The Overall Equipment Effectiveness (OEE) is a value 
showing the loss of productivity and is widely used in the 
industry. OEE truly reduces complex production problems 
into simple, intuitive presentation of information. It helps to 
improve process systematically with easy-to-obtain 
measurements. According to VDMA 66412 guidelines, the 
OEE calculation is based on the three factors:  
 
(1) 
 
The availability considers the downtime loss. It is 
calculated as follows: 
 
(2) 
 
 
The Operating time is the amount of time your facility is 
open and available for equipment operation and planned 
production time is the remaining available time after subtract 
the shutdown times (e.g. breaks, lunch, scheduled 
maintenance, or periods where there is nothing to produce). 
Effectiveness is calculated as the ratio of ideal cycle time to 
actual cycle time: 
 
(3) 
Here, net 
operating time is 
operating time less speed loss. 100% performance means the 
process has been consistently running at its theoretical 
maximum speed. Quality is the ratio of fully productive time 
to net operating time and defined as: 
 
 
(4) 
 
 
And 100% Quality means there have been no reject or 
rework pieces. 
3. The research project: Plan-E 
In order to manage energy by avoiding peak loads, to alert 
the employees to energy consumption, and to comply with 
ISO 50001 we consider integrating energy as a resource in a 
MES software. This resource is to be planned according to a 
certain amount available like an employee or a machine. The 
project is divided in 5 different fields of study: 
x Energy Market: capture the various energy prices in 
Austria and Germany; 
x Data and Machines: generates categories of machines 
based on their energy consumption’s type; 
x Production Planning: generate strategies in order to 
manage the energy consumption and its costs so as to 
reduce them; 
x Evaluation and Analysis: Measure the energy performance 
of the company; 
x Potential Analysis: evaluate economic benefits of using 
energy management within a company. 
This paper focuses on the fields Evaluation and Analysis 
and Production Planning as well. In order to achieve those 
goals two energy strategy types are defined. One is 
minimizing the energy consumption and the other minimizing 
the energy costs. With these strategies several key 
performance indicators for evaluation are developed. 
4. Results 
4.1. Energy-needs functions 
To calculate the energy demand respectively the energy 
costs of a production order, first the whole production process 
has to be sub-divided in process steps. Each of these steps is 
executed by a production resource or a group of production 
resources. If the electric power demand of a production 
resource and the production time of the process step are 
known, a simple multiplication operation gives the electric 
energy demand of the process step. In reality, because of 
reasons like multiple operating modes (set-up, produce, shut-
down), production breaks, sharing of production resources 
etc., it is not that simple. In consideration of the mentioned 
factors, the real calculation gets a little bit more complicated, 
see equation (5). 
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The total electric energy demand of a process step EPS 
consists of 4 parts: Line 1 represents the energy demand 
during the production time, line 2 is the energy demand of the 
set-up, the term in line 3 is the energy demand of shut-down 
phase, and line 4 adds the energy demand of further 
production resources which are needed to fulfil the 
manufacturing task. The first addition term of line 1 describes 
the energy demand during the entire production time TP 
minus the time of breaks during production TPB, while the 
production resource executes manufacturing tasks. The 
second addition term represents the energy demand during 
breaks of the production time TPB, when the production 
resource is switched on, but in standby mode. PP and PPB are 
the basic electric power demands of the production resource 
during production respectively production breaks. To consider 
the difference between materials in terms of power demand, 
the material coefficient MCP is multiplied with the basic 
energy demand during production time.  This coefficient 
differs from machine to machine and has to be determined out 
of production tests, historical or manufacturer’s data. The 
capacity coefficient for production time CCP (and CCPB for 
production break times) can be used to increase or decrease 
the power demand in consequence of varying load states of a 
machine (for instance: 10 parts -> CCP = 1.0, 5 parts -> CCP 
= 0.9). The share coefficient SCP is needed if a production 
resource is able to handle more than 1 working process 
simultaneously, see figure 2 for an example. In that case the 
entire production time (inclusive break times) has to be 
divided into k parts to determine the share coefficient for 
every single time period. For instance, in the example in 
figure 2 .the SC of working process 1 in period 2 equates to 
0.7 (7 pieces divided by 10 pieces). The energy demand has to 
be calculated for every time period and then all the demands 
have to be added up (this does the sigma sign in equation (5) 
for the time periods 1 to k). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The lines 2 and 3 in equation (5) for set up and shut down 
energy demand addition use the same coefficients and 
symbols as described for line 1, but their value can be 
different. Therefore the indices SU for set up (respectively 
SUB for set up break) and SD for shut down (respectively 
SDB for shut down break) are introduced. The lines can be 
added up, and instead of using a sigma sign for each line, 1 
sigma sign can be used for all 3 lines together.  
To get concrete cost values for cost-benefit calculations, 
the electrical energy costs have to be included in the 
considerations, see figure 3 . Every change in the energy costs 
CE forces the calculation algorithm to add new subdivisions 
(red lines in the figure), so the amount of the time periods 
increases. The last step is now to include the energy costs CE 
in the calculation. No dramatic changes are needed, the 
energy demand of every time period j is just multiplied with 
the appropriate energy cost-value CE,j to get the electric 
energy costs of the reviewed process step CE,PS, see equation  
(6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2, Varying occupancy of an oven 
 
Fig 3, Time periods based on energy cost and working processes 
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(6) 
 
 
 
 
 
 
 
 
 
4.2. Energy planning 
When the production receives a new order from a client, 
each working process is to be assigned a machine for 
processing. It is also possible to select a group of machine 
that could execute the process. The strategies depicted below 
concerns the selection of those machines and the time during 
which they are planned. The energy strategies are a part of a 
global planning strategy which contains several which are 
ordered according to their importance for the planner. For 
instance the planner decides to first plan the machines 
according to the deadline for each order with a just-on-time 
strategy, and then according to the energy costs and finally to 
their energy consumption. The research project focuses on 
two different strategies respectively minimizing energy 
consumption and minimizing energy costs. According to the 
electricity prices from the energy supplier the available 
amount of energy or power is depicted as a resource in the 
software like personal resources. Indeed the energy like a 
worker is not an infinite value and should be managed 
properly. 
4.2.1. Minimizing energy costs 
Within the strategy “minimizing energy costs” one goal is 
to avoid exceeding the amount of power available which 
would make the energy more expensive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the figure 4, three parallel processes are executed. In the 
cost strategy the time is divided with several fractions which 
correspond to one amount of power needed. If five seconds 
later the amount of power needed is different the time range 
changes and a new calculation is executed. Each time range 
possesses a total power needed for its running processes and 
must be positive. A negative figure indicates that the amount 
of power that is going to be used for this time range is higher 
than what is supplied, costing money to the company. In the 
figure 4 the company consumes 1kW more than available the 
production planning receives then a warning and is able to 
change the situation.  
One goal is to plan the process to a time where the energy 
is cheap, for instance during the night. Instead of having 
energy as a resource the software takes the energy prices into 
account in the planning’s time table. For the possible range of 
time of the working process the cost is calculated based on 
the price model in the database and the power needed during 
this time range which both are unique due to the time 
fraction. Then the MES Software compares them with one 
another, selects the cheaper one and plans the working 
process on the selected time range. It is obvious that such a 
strategy is tending to plan machines during the night reducing 
the energy costs but raising the personal costs. The research 
will focus on this comparison to fine the strategy. 
4.2.2. Minimizing energy consumption 
The strategy “minimizing energy consumption” concerns 
each process that is planned through the software for the 
company’s production planning. For each process several 
machines that could execute it are identified. Each machine is 
then evaluated via its characteristics (power, availability) and 
the characteristics of the working process (quantity, time and 
technology) to give a note to this specific machine processing 
a specific working process. After this calculation the software 
plans the process on the machine which will consume less 
energy. By cumulating both strategies the software is able to 
choose to best machine for a working process and to plan it to 
the cheapest time. 
4.2.3. KPI/ OEE 
In order to evaluate the energy management of a company 
the following KPI, respecting the ISO standard, are 
developed. A measurement system of the energy 
consumption is required so as to calculate these indicators. 
With each indicator the interested parties are depicted. 
Different types of number are used in the following 
equations. “Is(X)” is the actual measured number of X, 
“Plan(X)” is the amount of X planed by the production, Q(X) 
is the quantity of X and min(X) is the minimum of X. 
 
4.2.3.1. Energy-needs per product of an order 
 
 
(7) 
 
 
 
Potential interested parties: 
x Customers 
x Production 
4.2.3.2. Ratio of the type of energy 
 
(8) 
 
 
 
Fig 4, Exceeding the available power 
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KPI2 may be used to communicate about the energies used 
from the supplier as well as from the power plants from the 
facility (renewable or not for instance, or more detailed in 
solar, wind,etc.).  
Potential interested parties: 
x Customers 
x Energy manager 
4.2.3.3. Planning’s precision 
 
(9) 
 
 
 
KPI3 aims to inform the production about the quality of 
planning. The planning has to know if they planned too much 
or too less energy according to the real consumption. It allows 
a fining of the model by seeking for which machines the 
energy planning was wrong. 
Potential interested parties: 
x Potential customers 
x Customers 
4.2.3.4. Energy efficiency of a machine with a working 
process 
 
(10) 
 
 
 
 
Min(Is(Energyconsumed per product) is the historical minimal 
energy consumed on a machine for a process. It concerns all 
the machines that can execute the process which are entered 
at the process’s definition. If this value is beaten it is 
automatically replaced with the new and smaller one. This 
KPI can also be multiplied with the costs to provide a 
financial framework about the savings. 
Potential interested parties: 
x Energy manager 
x Production 
x Workers 
4.2.3.5. Energy OEE 
In order to develop an Energy-OEE the energy aspect 
should not already be taken into account in the OEE. For 
instance it is not correct to calculate the EOEE as the OEE 
multiplied with the energy consumed for processing divided 
with the total energy consumed (setting-up + processing). 
Then such an EOEE would count the speed loss two times. In 
order to assess the energy management of the company the 
following Energy OEE is proposed. 
 
(11) 
 
 
The average of KPI4 is the average of all KPI4 within the 
facility in order to provide the energy savings from the whole 
facility. 
5. Conclusion 
The research conducted is to be implemented on a MES 
Software with which the energy functions, strategies and the 
categories of machine will be analyzed and evaluated in 
further work. In case of success further work about general 
environmental management and all kind of energy could be 
deepened. 
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